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M ajor Structures of the Rocky M ountains of Colorado and Utah
A . J. E a r d l e y *

ABSTRACT
This paper describes the major structures of Colorado and Utah and presents a theory of origin
based on new knowledge of the layering and constitution of the upper mantle and lower crust. It proposes
that the Ancestral Rockies and the more modem ones of Cretaceous and early Tertiary age of both the
shelf of Colorado and eastern Utah and the miogeosyncline of western Utah are the result of vertical
uplifts of the silicic crust. The uplifts are caused by the rise, from the upper mantle, of basalt in scattered
places to the base of the silicic crust. This rise domed the silicic crust and the overlying sedimentary
veneer.
The surficial structures are viewed as gravity^caused mass movements along the flanks of the uplifts
and in addition, particularly in the miogeosyncline of western Utah, as synclinoria of Paleozoic strata
between uplifts where folding and considerable bedding plane thrusting occurs.
The theory also relates widespread magmatism to tectonism in a reasonable fashion. It recognizes
that the Rocky Mountains have been a region of Cenozoic regional uplift in which possibly more energy
was required than for the building qf individual uplifts. This, too, is related to a transformation of the
uppermost mantle into a lighter density state. And finally, the Basin and Range faulting of western Utah
is viewed as the result of the rise of sufficient basalt foom the mantle to form a continuous layer under
the silicic crust of the miogeosyncline thus bringing into existence a new framework of forces. The surficial
structures are framed about the primary uplifts, but the entire silicic crust becomes attenuated toward
the Pacific as it is activated by a component of gravity on a mobilized lower crust.

IN T R O D U C T IO N
Sh elf and M iogeosynclinal Divisions

The shelf and miogeosyncline of the Rocky
Mountains are separated along a line that ex
tends from southwestern to northcentral Utah
and southeastern Idaho (Fig. 1). West of the
boundary, a thick but irregular Paleozoic and
Triassic sequence of sediments was deposited
in a region which later became emergent and
an area of erosion. East of the boundary,
spreading across eastern Utah and Colorado,
Paleozoic sedimentary rocks are thin, and cer
tain systems in places are lacking. The boun
dary marks also a narrow Jurassic and Cre
taceous. trough of subsidence in which about
15,000 feet of sediments were deposited. East
of the trough, about 5,000 feet of Mesozoic
sediments accumulated on the thin Paleozoic
shelf rocks.
Ancestral Rockies

The shelf division was deformed in Pennsyl
vanian time by several mountainous uplifts
across Colorado and Utah and adjacent areas
on the south that are known as the Ancestral
Rockies. Those that concern the present article
are the Colorado or Ancestral Front Range of
central Colorado, the ancestral Uncompahgre
Rangle of western Colorado and eastern Utah,
and two somewhat positive areas in central and
western Utah. The uplifts trended northerly
o f Geology, ■University of Utah, Salt Lake City, Utah.

and northwesterly. The Uncompahgre Range
was marked by a near vertical fault on the
southwest side along which it rose, the adja
cent Paradox basin sank, and the Colorado
Range was marked by a steep flank on the east
side. The Uncompahgre remained as an ero
sional highland until Jurassic time, and the
Colorado until Late Cretaceous time, before
accumulating sediments on the shdf buried
them. There seems little evidence of a postPermian existence of the central and western
Utah positive areas. A t best they were plat
forms or gently emergent areas between
deeper water and thicker sediment areas.
Late Cretaceous an d Early Tertiary
Crustal Movem ents

The shelf division is noted for the growth of
large ranges which were separated by intermontane valleys during Late Cretaceous and
very early Tertiary times, and although much
denudation has occurred since, the ranges still
are major relief features.
The miogeosyncline of western Utah is more
complex structurally than the shelf, princi
pally because the late Cenozoic Basin and
Range block faults have been superimposed on
Late Cretaceous and early Tertiary (Laramide) structures producing a multitude of
smaller and younger ranges. The older struc
tures are covered in places by volcanic rocks,
and incident to block faulting, also by wide
spread Quaternary alluvium. It is commonly
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Fig. 1. Late Cretaceous and early Tertiary uplifts of Colorado, Utah, and adjacent areas on north and south.
Stippled areas are Precambrian rock exposures; ruled areas of the shelf (eastern Utah and Colorado) are exposures
of Paleozoic rocks, and are marked by: IP, mostly Pennsylvanian; P, Pennsylvanian and Permian. Ruled areas
of the miogeosyncline (western Utah) are Cambrian exposures. K , major detached slide masses; KC, the Canyon
Range slide mass; OR, Oquirrh Range; CU, Cottonwood uplift, M, Mesozoic sedimentary rocks. NFL, New
foundland anticline. SBY, Stansbury Mountains. Both fold axes and thrusts faults in the miogeosyncline are
shown by bold lines.

considered that the miogeosyncline has yielded
by folding and thrusting in a trenchant man
ner, unlike the simple uplifts and basins of the
shelf. The complexity of the miogeosyncline
and its scattered exposures have delayed the
analysis of the Laramide structures in a re
gional way, but in late years some interesting
but controversial theories have been proposed.
One school of geologists views the miogeosyn
cline as having been cut and displaced gen
erally eastward by a number of thrust faults
U M R Journal, N o. 1 (A p ril 1968)

of great lateral dimensions. A master thrust
of decollement nature is viewed as having
had its roots in eastern Nevada and as hav
ing translated an imbricate sheet to central
Utah, some 160 miles across. Several U.S. Ge
ological Survey workers have stated such views
(Roberts and others, 1965), and a similar
thesis-by Misch (1960), followed by several
doctoral studies under his direction, expresses
about the same concept. Possibly some differ
ences exist. On the contrary, the writer has
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been espousing for several years a theory of
vertical uplifts for the Laramide structures,
much the same as for the large uplifts of the
shelf province, and he opposes the idea of the
great decollement sheet across the western part
of Utah. General agreement prevails on the
Basin and Range faulting, and the Tertiary
volcanics are becoming better understood.
M a g m a tism Related to Crustal D eform ation

It is becoming increasingly apparent that
magmatism is related to crustal deformation.
As the nature of the deep-seated crustal layer
ing and the mantle are studied, the energy for
surficial deformation appears to be the heat
that is generated in, and rises from, the man
tle. No less, the primary magmas stem from
the mantle.
Both the shelf and the miogeosyncline are
profuse in igneous rocks. Numerous stocks,
especially in the miogeosyncline of western
Utah, have been mapped and now dated by iso
tope methods. Large piles of volcanic materials
occur in the shelf areas of Colorado, Utah,
New Mexico, and Arizona, and western Utah
is probably half blanketed by volcanic ejecta,
largely in the form of ignimbrites. Significant
intrusive activity started in Early Cretaceous
time in easternmost Nevada and continued
until the Miocene, thereby accompanying the
principal crustal movements. It continued af
terward. The extrusive activity in Colorado
and Utah followed mostly after the major
Laramide deformations and after a widespread
erosion surface had been developed on the Lar
amide structures. Some of the late intrusions
penetrate the volcanic fiows.
In seeking the source and depth of the sili
ceous magmas which supplied the stocks, lac
coliths, and volcanic outpouring of Colorado
and Utah, it has been concluded that rising
basalt from the upper mantle mobilized the
lower siliceous crust (Eardley, 1960, 1962).
Of greatest significance is the recognition of
an intermediate velocity layer between the
crust and the mantle that coincides in distribu
tion with the Colorado and Utah, Late Cre
taceous and Cenozoic mountain systems (Berg,
and ..others, 1960; Cook, 1962; Pakiser and
Zietz, 1965). This is the most hopeful explana
tion of the intrusive and extrusive rocks of the
upper crust, but equally as well, of the cause
and nature of upper crustal deformation.
B asin a n d R a n g e Faulting

The block fault origin of the conspicuous
ranges of the Great Basin is well known. The
boiftiding normal faults of the ranges in west
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ern Utah have been fairly well defined, but in
late years gravity surveys have defined others
that are buried by the alluvium on the downthrown blocks (Cook and Berg, 1961). Troughs
as deep as 10,000 feet are now known, and this
with the added relief of certain range fronts
indicates that the vertical displacement in
places has been as much as 15,000 feet. Be
cause the Basin and Range faults are younger
than the Laramide structures and in most
places cut them discordantly, the two struc
tural systems have been considered to have
evolved under strikingly different frameworks
of forces. However, because the intrusive rocks
are tied to the extrusive rocks in composition
and origin and these in turn to the Laramide
structures on the one hand and to the Basin
and Range faults on the other (as will be
pointed out), we should seek to bridge the two
structural systems. Little thought has been
given to a genetic relation of the two. They
simply have been left as two separate entities.
As suggested under the preceding heading
that magmatism is related to tectonism and
that the upper mantle and particularly the in
termediate layer between the crust and the
mantle provide a hopeful common answer, it
may be possible to find the relationship to the
Laramide and the Basin and Range systems by
turning to the deep-seated source of heat.
R e g io n a l E p e iro g e n ic Uplift

The Rocky Mountains as well as the Great
Plains on the east suffered a broad epeirogenic
uplift in Cenozoic time. Beginning approxi
mately at the Missouri River at the west boun
dary of the State of Missouri, the Great Plains
were raised progressively westward until at
the foot of the Front Range and Laramie
Range the marine Cretaceous beds had reached
a relief of at least 5,000 feet. The broad basins
between the ranges of the Rockies may be
taken as an index of the epeirogenic uplift in
Wyoming and western Colorado which was
5,000 to 6,000 feet. The Colorado Plateau of
eastern Utah was uplifted as a whole possibly
more. The oval-shaped and irregular uplifts
from which the major ranges of the shelf prov
ince have been sculptured are taken to be local
uplifts above the general level of the epeiro
genic uplift. The miogeosyncline of western
Utah had already been broadly uplifted epeirogenically before and during the Laramide
orogeny.
The mass of crustal material involved, and
the energy required, exceeded that necessary
for the building of the separate ranges. Any
theory of tectonism and magmatism for the
U M R Journal, N o . 1 (A p ril 1968)
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central Rockies must not fail to take into ac
count the regional epeirogenic uplift. Again,
the source of energy is the upper mantle. From
this source, perhaps, we may find a common
and plausible relation of the structures of the
Laramide Rockies, the Basin and Range of
western Utah, the attendant magmatism, and
the broad epeirogenic uplift.
T H E O R Y O F P R IM A R Y UPLIFTS

It is proposed that the Laramide Rockies of
the shelf region of the western United States
are the product primarily of vertical uplifts,
and that the folds and thrusts are secondary
features on the flanks of these uplifts. The
secondary features are considered to be the
result of gravity gliding or mass movement
down slope.
Well-known examples of the uplifts of the
shelf province are the Little Belt and Big
Snowy structures of Montana, the Wind River
and Bighorn uplifts of Wyoming, the Front
Range and Sawatch uplifts of Colorado, the
San Rafael and Monument uplifts of Utah, and
the Sandia and Sand Andreas uplifts of New
Mexico. Later Tertiary faulting has modified
these Laramide uplifts considerably in places,
and sediments and volcanic outpourings have
partly or largely covered some of them.
Although the general anticlinal or . domal
form of the uplifts has been recognized for a
long time, their origin has formerly been
ascribed to horizontal crustal compression on
a regional scale. Now, however, a number of
writers propose that little, if any, horizontal
compression on a regional scale occurred in
the shelf Rockies, and that the so-called com
pressional structures (namely the folds and
thrusts) are secondary gravity effects of the
primary vertical uplifts.
The theory of primary vertical uplifts has
been proposed by Wisser (1957), Osterwald
(1961), and Eardley (1963), and detailed
structural studies supporting it have been pub
lished by Foose (1960), Harms (1961), Wise
(1963), Prucha and others (1965), Evans
( 1 9 6 6 / and others.
G E N E R A L C H A R A C T E R IS T IC S
O F T H E SH ELF P R O V IN C E

The major Laramide structures of the shelf
province in Colorado and Utah are shown on
Figure 1. They are oval or irregularly broad
in shape and generally lack a narrow or sin
uous aspect. They range in length from 50 to
200 miles and in width from 10 to 30 miles.
The structural relief ranges from 500 to
40,000 feet.
U M R Journal, N o . 1 {A p ril 1968)

Some of the uplifts are conspicuously asym
metrical; the beds on one flank are turned up
to steep angles, or in addition, are overthrust
as a sheet from within the uplift. If the
thrusts and folds of the province are observed
in relation to the broad uplifts, they will for
the most part be recognized as flank struc
tures.
The sedimentary rocks of Paleozoic, Trias
sic, and Jurassic age constitute a fairly thin
veneer which rests on the Precambrian crystal
line complex in all places 'of the shelf province
except in the region of the Uinta uplift of
Utah and the Little Belt uplift of Montana.
In these places, a thick Precambrian sequence
of strata intervenes. The sequence of Creta
ceous sedimentary rocks in most places is as
thick as, or thicker than, the Jurassic, Trias
sic, and Paleozoic strata together. Sediments
of Late Cretaceous age accumulated in the
basins between uplifts in the early stages of
uplift. As uplift progressed, the Paleozoic
strata, and in places even the Precambrian
rocks, were faulted up against Cretaceous sedi
mentary rocks, and further, as the early Terti
ary elastics were unloaded in the basins from
the rising uplifts, they, in turn, in places were
offset and overridden.
In the region of the Ancestral Rockies, the
setting for the Laramide uplifts was one in
which the sedimentary veneer on the Precam
brian crystallines was either very thin as the
result of the previous uplift and cycle of ero
sion or rather thick as the result of basin sedi
mentation in Pennsylvanian time.
From inspection of the geologic maps of the
shelf province, the conclusion is drawn that
the uplifts, in which the rise was sufficient
to result in exposure of the Precambrian rocks
in a central core, have more intense flank struc
tures and marginal thrusts.
CO LO RADO

AND

U T A H SH E L F ST R U C T U R E S

Figure 1 has been prepared to show the up
lifts of the central part of the shelf province.
We should note that the Sweetwater uplift is
not evident today, because after it formed it
sank and was mostly buried by middle and
upper Tertiary sediments. The uplift as shown
is restored to the time before collapse. Also,
the Rocky Mountains through central Colorado
may be interpreted as a group of closely packed
uplifts with the Front Range being excep
tionally long and wide. The Ancestral Colorado
Range was an uplift almost as large as the en
tire cluster of ranges in the central Colorado
belt, but the later Laramide uplifts developed
as independent units, not much controlled by
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Fig. 2. Cross sections of the Uinta and Wind River Mountains showing nature of the border faults.

the ancestral uplift. The flanks of the central
Colorado ranges are replete with thrusts and
apparently reflect the superior uplift of the
Front Range.
The uplifts of the Colorado Plateau are com
parable in area with the others of the shelf
province, but they have not been of sufficient
amplitude to have resulted in the exposure of
Precambrian rocks in the cores. The wide
spread rise of the Colorado Plateau in late
Cenozoic time has resulted in the transporta
tion of sediments from the local uplifts to re
mote regions and not simply to the basins be
tween them.
Again, it is evident that where the uplifts
have been sufficiently high and the Precam
brian basement extensively exposed that thrust
faults occur on the flanks of such uplifts. The
San Juan uplift may appear to be an exception,
but it is largely covered by volcanic rocks, and
its flanks are not exposed for examination.
N A T U R E O F B O R D E R T H R U ST S

The border thrusts of the Uinta Mountains
are shown in the upper two sections of Figure
2. The thrust interpretations along the north
side are by Ritzma (1959) and on the south
side by Childs (1950). The Uinta uplift is par
ticularly instructive, because the nature of
deformation of the core can be seen by the
Precambrian strata that compose it. For most
of the length of the Precambrian exposure, the
.bedh are bent into a flat-topped anticline, as

shown by the dashed line in the second cross
section.
The southwestern flank of the Wind River
uplift has been traversed seismically by Berg
and Wasson (1960), and they report a thrust
that dips as low as 18 degrees and carries
under the range about 8 miles. Their inter
pretation is shown in the bottom section of
Figure 2 which was sketched hurriedly by the
writer from a slide projection. It may not be
exactly right in all details. In both the Uinta
and the Wind River uplifts, the thrusts are
interpreted as convex upward and steepening
downward. The amount of vertical uplift in
the Uinta Mountains is in excess of 32,000
feet and in the Wind River Mountains in ex
cess of 35,000 feet.
A similar cross section of the Front Range
of Colorado has been produced by Evans
(1966) and is here shown as Figure 3.
Harms (1961) has studied the sandstone
dikes of the eastern margin of the Front
Range south of Denver and presents a con
vincing case for gravity tectonics there. Large
Laramide faults place Precambrian rocks in
contact with sedimentary rocks as young as
Tertiary in age. The stratigraphic displace
ment in places is 15,000 feet and the structural
relief 15,000 to 25,000 feet. He concludes that
the stress distribution causing the injection of
the sandstone dikes was governed by dip-slip
movement along steeply westward-dipping,
convex-upward, fault surfaces, and that, thereU M R Journal, No. 1 (A p ril 1968)
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Fig. 3. Cross section at Denver showing Front Range uplift and Denver basin; after Evans (1966) which is after
M.F. and C.M. Boos and Odiorne.
fo r e , the m a jo r stru ctu res o u tlin in g the flank
o f the ra n g e are h ig h -a n g le reverse fau lts
w hich steepen w ith depth. G ra v ity m ovem ent
tow ard th e basin is indicated.
A ssu m in g th a t th e cross section s correctly
illustrate the fa u ltin g f o r the u p lifts concerned
and re co g n iz in g an oval shape in plan view,
then a co r o lla r y assum ption is evident th a t the’
p rim a ry d e fo r m in g fo r c e is upw ard and that
the o v erth ru stin g is literally a spillin g o f the
sharply u p lifte d flank over the ad jacen t plain.
It could be a m atter o f m ass m ovem ent down
slope, and w hen view ed g ro ssly , a case o f
flowage. O f course, in trin sica lly it w ould be a
m atter o f a d ju stm en t along jo in t planes, bed
d in g, and fo lia tio n su rfa ces, w ith m any small
fa u lts a n d m uch sh atterin g. B e r g and W asson
(1 9 6 0 ) re p o rt com plex fa u ltin g in th e P reca m 
b rian c o r e o f the W in d R iv e r R an ge. The
w rite r v iew s th e above con cep t o f fa u ltin g and
a d ju stm en t b y m ass m ovem ent as the basic
aspect o f developm ent o f th ose u p lifts w hich
exceed a b ou t 20,000 fe e t in am plitude. The
b ord er fa u lt, w h ich a t depth ap p ears to b e ver
tical, w ou ld be a p rim a ry stru ctu re, b u t the
upper p a r t th a t flattens to a low -an gle th ru st
w ould b e secon da ry to the u p lift. A p rim a ry
fa u lt w ou ld th en be con sid ered as p a ssin g into
a secon d a ry fa u lt.
In the cou rse o f secon d a ry m ass m ovem ent
basin w ard , it seem s p ossible th a t a sole thrust
m igh t d evelop and fa c ilita te th e m ovem ent
dow n slope. T h e idea is illu stra ted in F ig u re
4. The th ru sts o f the B ea rp a w u p lift illustrate
the con cep t in the fo r m o f a bedding-plane
th ru st o r g lid e s u rfa ce (F ig . 4 ) . Closely re
lated to bed d in g-p lan e th ru sts a re detached
blocks, su ch as the H eart M ountain, w hich
U M R Jo u rn al, N o . 1 (A p ril 1968)

have glided a num ber o f m iles ba sin w a rd
(P ie r c e , 1957, 1 9 6 0 ). A c c o r d in g to B lack ston e
(person al c o m m u n ic a tio n ), th ere are several
know n exam ples o f such glid e blocks in W y o 
m in g in ad d ition to those along the w est sid e
o f th e B ig h o rn basin.
D E E P -S E A T E D C A U S E O F UPLIFTS

T h e evidence seem s co n v in cin g that the u p 
lifts o f the sh elf p ro v in ce are caused b y v e r 
tical pressures, and this, togeth er w ith th e

Fig. 4. Types of secondary movement on the flanks of
the uplifts.
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Pig. 5. Postulated origin of the uplifts by deep-seated basaltic intrusion. The early shape of the uplift is attained
after about half of the basaltic pluton is intruded. The intermediate shape is attained after all the pluton is
intruded. The final stage is attained by mass movements under the duress of gravity.

general broad oval shape o f the uplifts, leads
d irectly to the postulate o f a la rg e intrusion
beneath each in the silicic crust. The concept
is portrayed in F ig u re 5.
The intru sion is in the shape o f a giant
laccolith o r thickened sill and is believed to be
o f basaltic com position fo r the fo llo w in g rea
sons. T h e sh elf p rovin ce o f the w estern United
States is the alkalic and calc-alkalic igneous
rock provin ce, and all m a jor w orkers on the
igneous rocks exposed at the su rfa ce from
M ontana to N ew M exico have concluded that
these represent considerable assim ilation o f
crystalline rock rich in m ica, orthoclase, and
albite b y olivin e basalt. F raction al crystalli
zation o f the assim ilated m agm as, filter press
ing, and in places, m ixin g o f fraction a ted
m agm as have resulted in the unusual suites o f
h ig h alkalic and calc-alkalic rocks fou n d there.
T h e assim ilation w ould have occu rred along
the r o o fs o f the g ia n t laccoliths.
B asalt is also the only m agm a considered
available fr o m the u n d erlyin g m antle. (F o r a
review o f the ign eous p rovince and the source
o f its m agm as, see E ardley, 1960.)
The volum e o f basaltic m agm a involved in an
intr,qsion responsible f o r an u p lift o f th e size
and am plitude o f the W in d R iv er R a n ge would
b e abou t 10,000 cu b ic m iles. T h is m ay be ap
preciated b y com parison w ith the volum e esti
m ated f o r the San F ra n cisco volcan ic field o f
northern A rizon a o f 80 cu bic m iles and the
volum e o f the Colum bia R iv er basalt field o f
about 40,000 cu bic m iles.
The postulated o r ig in o f the u p lifts is a
su b ject suited to m odel experim entation, and

fro m such w ork the size and shape o f the in 
trusion, th e rate o f intrusion, and the nature
o f th e b ord er fa u lts m ay be better understood.
FR A C T U R E P A T T E R N S IN THE SH ELF

I f the b ord er stru ctu res o f the u p lifts o f the
R ock y M ountains sh elf provin ce are due p r i
m arily to vertical u p lift and secon darily to
adjustm ent o f unstable density relationships
brou gh t about b y the u p lifts, then th e fra ctu re
patterns o f the m argin s o f the u p lifts should
be re-exam ined in th is ligh t. T h e restudy
m igh t be fa cilita ted b y m odel experim entation.
M ost fra ctu re patterns m apped to date in this
provin ce have been analyzed in a fram e^vork o f
horizontal com pression, tension, o r coupling.
R eg ion a l alignm ents o f variou s g eolog ic fe a 
tures, called lineam ents, have been em phasized
by B lackstone (1951, 1956) and others in the
sh elf province. G eofractu res, defined as re
gion al fra ctu re zones that have had recurrent
m ovem ent possibly fr o m P recam brian tim e to
the present and that bound p ossibly grea t
p olygons o f the earth’s crust, are visualized as
tecton ic fea tu res o f the forela n d b y O ster
w ald (1 9 6 1 ), but, as yet, these a re o f uncer
tain existence, p osition , and significance. The
lineam ents or geofra ctu res com m only singled
out w ith in the sh elf p rovin ce are the Lake
B asin fa u lt zon e and the N ye-B ow ler fa u lt
zone o f M ontana. T h ese belts o f fa ir ly reg u 
larly staggered fa u lts undoubtedly represent
strain and horizontal coupling on a regional
scale in the cru st below the sedim entary ve
neer. Som e other alignm ents o f g eolog ic fe a 
tures w ith in the p rovin ce m ay m ean the same,
U M R Journal, N o . 1 (A p ril 1968)
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but as pointed out by Osterwald (1961) the
evidence for the continuity of such features
is definitely not clear, and more will need to
be known about the Precambrian rocks before
conclusions can be drawn. The postulated lin
eaments or geofractures trend mostly in a
northwestern direction, whereas, the orogenic
belts of the Precambrian trend to the eastnortheast (Gastil, 1960). Fracture zones of
great horizontal and vertical movement may
bound the shelf province in places, but these
constitute a subject beyond the scope of the
present paper. The writer, in summary, con
cludes that the crust of the shelf province has
been strained on a regional scale, but that
horizontal dislocations have been moderate,
perhaps amounting to 1 or 2 miles at the most.
On the other hand, the vertical uplift of the
numerous oval-shaped mountain masses in
Laramide time has been the dominant tectonic
activity. Really, more profound than the up
lifts has been the rise of the High Great
Plains, the shelf province including the Colo
rado Plateau and the Great Basin of eastern
California, Nevada, and western Utah, in
amounts ranging from 1,000 to 8,000 feet.
Such movements undoubtedly spring from
polymorphic changes or partial melting of the
upper mantle; the oval-shaped uplifts as here
depicted are related to the associated deepseated magmatism.
P R IM A R Y

U P LIFT S O F TH E M I O G E O S Y N C L I N E
IN W E S T E R N U T A H
D efining th e C re ta ce o u s a n d E a rly Tertiary Uplifts

Without the new Geologic Map of Utah
(Stokes, 1961-64), the recognition of past
tectonic elements would hardly have been pos
sible. It is assumed that block faulting (the
Basin and Range orogeny) and attendant al
luviation on the downthrown blocks has oc
curred as a last major phase of evolution of
western Utah, and that the block faulting fol
lowed an older phase of folding and thrusting.
(For a general review of time and spatial re
lations, see Eardley, 1962). It is also assumed
that much of the volcanism was postfolding
and thrusting. By a careful analysis of the
map, the effects of the Basin and Range
orogeny can be deleted, and the Tertiary vol
canic materials can also be eliminated. Con
tacts of Precambrian, Paleozoic, and Mesozoic
rocks can then be projected across the blank
areas. The bold features are shown in the
western part of the map of Figure 1.
The major display on the interpreted map
consists of uplifts with Precambrian cores
surrounded by Paleozoic sedimentary rocks.
U M R Jo u rn al, N o. 1 (A p r il 1968)
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The Pennsylvanian and Permian strata are
generally limited to narrow or restricted syn
clinoria between the uplifts. The pattern is
one of deeply eroded domal uplifts, and it
seems evident"that this concept must dominate
any structural analysis of the region. The up
lifts are of about the same size as those of the
shelf province to the east. It will be noted that
a zone of uplifts is evident which extends from
southeastern Idaho and northern Utah to
southwestern Utah. This zone appears immedi
ately as the source highland for much of the
Cretaceous and early Tertiary elastics of the
Wasatch Mountains and High Plateaus of
Utah. The provenance of these sediments and
the chronology of rise of the uplifts will be
reviewed later.
The west-central and southwestern part of
the zone of uplifts has already been recognized
by Harris (1959) who called it the Sevier arch
and related its history of uplift to the Cretace
ous and early Tertiary sediments along the
east flank. Costain (1960) found a major fault
system in the Gilson Mountains of central
Utah that has a vertical displacement of 16,000
to 20,000 feet, and he recognized it as an eastflank boundary fault of the “ Sevier arch” .
The Canyon Range and Pavant Range thrust
faults lie immediately to the south of the Gil
son Mountains, and Costain and Christiansen
(1961) interpreted these thrust sheets as sec
ondary to the primary vertical uplift along
the steep eastern flank and as having moved
from the interior of the uplift (west) to the east.
Relation o f F o ld s a n d Thrusts to Uplifts

The thrusts with some exceptions are flank
ing features of the uplifts, especially of up
lifts where Precambrian and Cambrian rocks
have been exposed. Conspicuous folds and some
thrusts are characteristic of the Pennsylva
nian and Permian strata in down-folded syn
clinoria between the uplifts. These observa
tions lead forthwith to the conclusion that the
thrusts and folds are secondary to the pri
mary uplifts and that they are gravity slide
masses on the flanks of, or squeeze struc
tures, between the uplifts. A few of the local
structural settings in the region will be dis
cussed next in light of this framework and
concept. Several others that are not yet well
in hand and which require further analysis
will be left for a more detailed treatment in
a later paper.
IN T E R P R E T A T IO N O F S P E C IF IC ST R U C T U R E S
C e n tra l W a s a t c h Fold s

The folds and thrusts between the Cotton-
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Fig. 6. Cross section in the Wasatch Mountains from the Cottonwood uplift to the Northern Utah uplift.
NEWFOUNDLAND
A N TICLIN E

L A KESID E

MOUNTAINS

P e n n . a n d Per m.

NORTHERN
UTAH U P L IF T

Fig. 7. Generalized structure of the Lakeside Mountains, after Doelling, 1964.

wood uplift and the Northern Utah uplift are
clearly examples of minor compressional struc
tures in the upper part of a thick stratified
sequence which has been deformed in a large
syncline (Fig. 6 ). The syncline is the result
of the adjacent uplifts, and the surficial layers
are caught in a squeeze between the uplifts.
Structures in the L a k e sid e M o u n ta in s

Structures in the Lakeside Mountains in
volve a very thick Pennsylvanian and Per
mian section. They have been interpreted by
Doelling (1964) as formed most logically be
tween two uplifts, the Northern Utah on the
east and the Newfoundland on the west (Fig.
7 ).

Structures in the C o n fu sio n R a n g e

The Pennsylvanian and Permian strata of
the Confusion Range lie in a narrow syn
clinorium between the Snake and Sevier up
lifts. The shallow cross sections of Christian
sen (1951) and Hose (1963, 1964) were inter
preted at depth and extended laterally to ar
rive at Figure 8 which appears to show the
squeezing of beds near the surface without
similar deep-seated deformation. The cause is
concluded to be the rise of the two adjacent
uplifts.
O q u irrh M o u n t a in s Structures

The Oquirrh Range (O.R. on Figure 1) is
situated between the Northern Utah uplift.

Fig. 8. Structure of the Confusion Range. Surficial structure taken from Christiansen (1951), and Hose and others
(1963, 1964). Deep structure interpretive between the Snake and Sheeprock uplifts. Intrusions and block-faulting
that have complicated the uplifts, not shown.
U M R Jc
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the Sevier uplift, the Stansbury Mountains
(SBY on Figure 1) and the Cottonwood dome
(CU on Figure 1). The large folds of the very
thick Pennsylvanian and Permian beds of the
central and southern Oquirrh Range appear to
be chiefly due to a squeeze between the north
ern part of the Sevier, Cottonwood, and North
ern Utah uplifts. The thrust, sharp folds, and
nearly vertical beds at the north end of the
Oquirrh Range conform to the flank of the
Northern Utah uplift.
Two structures should be noted here which
complicate the picture, namely, the Cotton
wood uplift and the Stansbury anticline. The
Cottonwood uplift of much smaller size than
adjacent uplifts could be of later age. Where
as, the Northern Utah and Sevier uplifts are
of Cretaceous age and the Uinta chiefly of
early Tertiary, the uplift of the Cottonwood
dome could, have been increased in mid-Terti
ary time by the forceful injection of the Little
Cottonwood stock. The Stansbury anticline de
veloped as a sharp fold of Late Devonian age
and then was accentuated in Cretaceous time
(Arnold, 1956; Rigby, 1958). Thus it’s ap
parent incompatability to the folds and thrusts
of the Oquirrh and to the Northern Utah up
lift is partly understandable.
C a n y o n R a n g e K lip p e

The eastern flank of the Sevier uplift is
marked by a number of thrusts which are here
interpreted to define five rather large detached
slide masses from the west— see black areas on
Figure 1. Their definition must be accompa
nied by detailed maps which will be left for
S E V IE R

another paper, but as an example, the Canyon
Range “ Klippe” will be briefly described. It
has been clearly delineated on east and west
sides and northern end by Christiansen
(1952), and is the northern one of two klip
pen on the central east flank of the Sevier
uplift (KC on Figure 1 ).
Figure 9 shows three steps by which the
downfolded detached mass of the Canyon
Range is presumed to have formed. The major
uplift of the Sevier arch first occurred, then
extensive erosion exposed considerable Pre
cambrian rock, then the detachment and grav
ity sliding occurred, and finally the Basin and
Range faulting took place.
So u th e rn W a s a t c h Thrust C o m p le x

The Charleston thrust zone (Baker, 1964a
and b ; Baker and Crittenden, 1961), the
Strawberry thrust (Bissell, 1952), and Nebo
thrust have been related by several authors
and conceived as parts of a single sheet that
has moved eastward. That the three thrusts
are part of a single sheet of appreciable move
ment seems likely when the Upper Cretaceous
beds of the foredeep are represented by thick
ness contours— see Figures 11 and 22-4 in
Eardley (1962). The arcuate front of the large
sheet appears to have ridden out over the
Cretaceous a few miles.
The arcuate, thrust front faces a basin
which subsided about 15,000 feet in Late
Cretaceous time and 5,000 to 10,000 feet in
Late Jurassic time, and thus the sheet could
represent gravity movement toward the deep
ening trough (Figs. 10 and 11). The klippen

U P L IF T

Fig. 9. Suggested origin of Canyon Range structure by gravity induced sliding on east flank of Sevier uplift. A,
major uplift, early gravity sliding, erosion, and deposition of Middle Cretaceous elastics; B, sliding of detached
mass; C, continued down-flank movement and folding of detached slide mass. Also Basin and Range faulting.
Canyon Range structure from Christiansen (1952).
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and no clear evidence of a fault. The Leaming
ton Canyon fault is iii part at least the north
ern thrust limit of the Canyon Range klippe
and thus not easily construed as a tear fault
with considerable strike-slip movement. Also,
the Nebo thrust and associated overturning is
toward the southeast which is not in align
ment with the postulated east-northeastward
translation.
The Charleston-Strawberry-Nebo thrust is
considered by the writer to be a flank structure
of the Sevier uplift caused by gravity-induced
mass movement toward the sinking Cretaceous
and Jurassic basin.
Fold a n d Thrust Belt o f Southeastern Id a h o

In a recent paper, the author (Eardley,
1967) examines the fold and thrust belt of
southeastern Idaho and western Wyoming and
recognizes that the structures are clustered
together in several complexes. The thrusts of
one complex are probably not continuous with
those of an adjacent complex but circumscribe

Fig. 10. Isopach map of deposits from the western up
lifts in Colorado time (Cenomanian, Turonian, and
lower Senonian). Contour interval 1,000 fjeet.

immediately east of Provo, collectively called
the Big Baldy thrust by Baker (1964a and b),
appear to be detached masses that slid mostly
along bedding planes.
The concept that the Charleston-Strawberry-Nebo thrust sheet is but a part of a
much larger one, both in north-south and eastwest dimensions is supported by Crittenden
(1961, 1964) and by Roberts and others
(1965). This postulate is opposed to the con
cept of gravity slipping induced by trough
subsidence. The stratigraphic displacement of
Cambrian over Jurassic at one place on the
Charleston thrust, and the Sulphur Springs
window 2 to 4 miles back of the frontal trace,
no doubt impress them that major horizontal
translation has occurred. The Nebo thrust as
part of the frontal trace of the postulated
broad sheet is extended westward to the Leam
ington Canyon fault which is interpreted as
a shear by Crittenden (1961). By means of
this shear, the sheet was translated east-north
eastward. The connection route, however, is
maticed by insignificant stratigraphic offset

Fig. 11. Isopach map of deposits foom the western up
lifts in Montana time (Upper Senonian, Maestrichtian,
and Danian). Southwestern Utah compiled by J. C.
Lawrence. Contom: interval 1,000 feet.
U M R Journal, N o . 1 (A p ril 1968)
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discrete gravity slide masses generally piled
on top of each other in imbricate fashion. The
slides of each complex occurred within a rel
atively short time, but the complexes evolved
successively spatially from west to east and in
time from Early Jurassic to early Tertiary.
The postulated model is as follows:
(1) An uplift and forerunning basin mi
grated from west to east during the Mesozoic
and early Cenozoic eras.
(2) The crest of the advancing uplift was
fully 10,000 feet above the seas of the fore
deep basin and 20 to 30 miles distant. In the
course of time, the site of original central
ized uplift, about 100 miles to the west, was
denuded to the Precambrian.
(3) The thick sediments of the foredeep
basin were progressively uplifted, tilted, and
eroded on the advancing front of the uplift.
This created a system of aquifers and aquicludes in which abnormal fluid pressures were
developed in the aquicludes (clays).
(4) In the course of time as the foredeep
basin grew deeper, the down-slope component
of gravity and reduced friction incident to ab
normal fluid pressures conspired to release
various large glide masses.
(5) Further advance of the uplift and fore
deep basin resulted in the release of a second
set of major glide masses, this time involving
part of the previous slide masses and the sedi
ments of the previous foredeep. The coarse
marginal facies of the new foredeep basin
were overrun by the leading toe of the thrust
sheet.
The model illustrating these conditions
leads to the following inferences:
(1) The slide masses may be 30 miles wide
and 75 miles long, but current extension of
certain individual thrusts over much longer
distances is questioned. The thrust sheets are
in many respects like giant landslides.
(2) The break-away upper limits need not
be marked by tensional graben-producing
faults.
(3) The glide surfaces may be 30 miles
wide, but probably not wider. The amount of
horizontal translation is less, probably not
more than 10 miles. The postulation of thrust
fronts that have traveled scores of miles is
questioned.
(4) The glide masses are shallow, not much
more than two miles in thickness, and as such
the strata have been badly broken, especially
near the leading edge, but little metamor
phosed.
(5) The Basin and Range type normal faults
(bounding graben, horst, and tilted block) at
U M R Journal, No. 1 (A p ril 1968)
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the northern end in the Hoback Range and
Jackson Hole are strikingly discordant, as they
are farther south in Utah. Of course, verti
cally they are discordant everywhere,
TH EORY O F

D E C O L L E M E N T T H R U S T IN G

A widely divergent theory of the structure
of western Utah, than here pictured, has been
proposed. Accordingly, the outcrop pattern is
interpreted as the result of a vast allochthon
ous mass whose sole extends from eastern
Nevada to central Utah. In the past few years
Misch (1960), Crittenden (1961; 1964), Rob
erts and others (1965), and Miller (1966)
have espoused the concept of a thrust sheet
not only 160 to 170 miles wide but more than
200 miles long. It has been folded, faulted,
eroded through in places, left as remnants in
others, and mostly covered by Tertiary vol
canic outpourings and Tertiary and Quater
nary elastics. In eastern Nevada and western
most Utah particularly, a number of bedding
plane thrusts have been recognized, and these
have been carried from one range to another.
The careful study of facies of the Pennsyl
vanian and Permian sequences also has in
duced these writers to conclude that major,
large-scale translations have taken place. The
reader should study the article by Roberts and
others (1965) particularly in order to appre
ciate the interpretations made. Also, Dr. Rob
erts is contributing to this symposium, and
the sharply divergent interpretations which
exist between a group of U.S. Geological Sur
vey geologists and the writer will be more
than apparent by comparing the side-by-side
articles. Some brief criticisms to the 1965
article were expressed in a letter to Dr. Crit
tenden, one of the coauthor’s, as follows:
1.
The facies changes in both Oquirrh basin
and Phosphoria basin beds are not sufficiently
varied and distinctive to convince me o f the
propriety o f the concealed thrusts west o f the
Wasatch that you visualize. The ribbon dia
grams o f Fig. 18 show, it seems to me, that you
are stretching to see the need o f the “ Tintic
Valley” , “ Skull Valley” , and extensions o f the
Midas and Ochre Mountain thrusts. You could
have constructed the ribbons logically without
the thrusts. The thinner Missouri and Virgil
section in the Stansbury Mountains and its ab
sence in the North Oquirrh Mountains are sug
gestive o f the influence o f the northern Utah
uplift in Late Pennsylvanian time, rather than
translation o f western facies over eastern. The
treatment o f the “ Newfoundland” thrust is
somewhat confusing; I imagine that this is in
part the “ Silver Island” tear fault, which is
very hypothetical. I realize that the Midas
fault is made up o f two exposures, one in the
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Oquirrh Mountains and one in the Timpanogos
Wasatch, but in neither place is much o f a
facies or thickness break evident between the
sequences on either side. In fact, I think most
any objective geologist would see in these rib
bon diagrams vertical uplifts within the Penn
sylvanian Period as the dominating control,
rather than m ajor horizontal translations.
2. R eferring to P ig. 19, I am struck by the
evident gradual change in character o f the
beds o f Park City age from west to east across
northwestern Utah. W hy you need m ajor thrust
faults to break up and translate parts o f this
sequence is a m ystery to me. You speak o f the
facies difference between the Hogup section and
the Jim Thomas Canyon section. These are 60
miles apart and a thickness difference o f 1,500
feet in this distance is hardly the evidence
you want for a m ajor thrust.
3. I am concerned also about the interpreta
tion you give to the thrusts in the Wasatch
Mountains. No one can doubt the thrusting
approximately eastward o f some 26,000 feet
o f Pennsylvanian and Permian strata o f the
Oquirrh basin over 2,500— 1,400 feet o f equiv
alent shelf strata. The problem here is the
depth and extent westward o f the NeboCharleston thrust. A nd as fa r as I can see now,
the interpretation one gives to it depends on
the theory he holds, that is; m ajor decollementtype thrust sheets or gravity-caused mass
movement.
Going to the W illard-Bannock thrust relation,
you attempt to demonstrate the transposition
o f thick Precambrian, Cambrian, and upper
Paleozoic sections from the west over thin
sections on the east, and thereby ju stify the
connection o f the W illard with the Bannock.
Built on this presumption you connect the
W illard with the Charleston. I would say (A )
that your Pig. 16 speaks clearly for little
need o f west to east translation as fa r as the
Pennsylvanian strata are concerned, and (B )
regarding the Cambrian and other Paleozoic
and Mesozoic strata I refer to Arm strong and
Oriel (1964) who do not believe that a largescale thrust sheet is indicated.
In m y opinion, then, the interpretation you
make o f the Willard-Bannock thrust looks
weak, i f not imposible, and this in turn weak
ens m aterially your interpretation o f the as
sociated Nebo-Charleston thrust as you extend
it downward and westward.
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I have looked this area over fairly carefully
because it is the core o f m y postulated Sevier
uplift, and have been curious to see what you
make o f it.
Mechanically, I think the section and the
theory it presents is impossible. Y ou have a
thrust sheet 160-170 miles wide (west to east)
and I judge originally 3-10 miles thick. I f
moved by a horizontal force from the rear
(the traditional concept involving crustal com
pression) the strength o f such a thin sheet
may not have been sufficient to allow the
forces to push the broad sheet ahead, Rubey
and Hubbard notwithstanding. A more sig
nificant point concerns the shear that must be
created to get the broad sheet in motion. You
shear the entire Paleozoic section in places.
The same criticism is leveled here as against
Mansfield’s Bannock Thrust interpretation— it
is simply an impossibility from any analysis
of stress and strain relations. You might re
ply that the postulated sole thrust is an ero
sion thrust, but then this requires the trans
lation o f the Timpanogos block from eastern
Nevada, and I’m sure you do not im ply this to
have happened. I can see that the nature o f your
article, in attem pting to describe a basin that
may have oil and gas possibilities, precludes
an excursion into causes and origins o f the
structures, but nevertheless the question o f
“ how ” rings clearly.
6.
The definition o f the pre-Basin and
Range and pre-volcanics outcrop pattern into
uplifts and. basins is, finally, the most decisive
argument against the grand decollement
theory.
CH RO NO LO G Y

O F UPLIFTS

Voluminous quantities of sedimentary rocks
in central and eastern Utah record the pro
gressive rise of western Utah, a region that
was a former miogeosyncline.
A few patches of Triassic and Jurassic
rocks occur in western Utah and eastern Ne
vada. Stokes (I960) concludes that the Early
Triassic, marine, fossil-bearing sedimentary
rocks are in the central basin areas of the
Pennsylvanian and Permian beds and, hence,
record lingering seaways that continued in the
general basin areas until this time. In Middle
Triassic time, he concludes that the area was
uplifted
and became a permanent barrier be
,4. Cambrian strata are very thick and
tween
the
Pacific and the interior seas as fol
varied, and according to Dr. Richard Robison
lows
:
who refers to Palmer’s work, translation of
facies is not necessary or indicated.
During the Late Triassic and E arly Jurassic
5.
A last criticism deals with the cross sec- the continental divide m ay have lain in cen
tjon o f Fig. 20. I have tried to tie it to the NW
tral or western Nevada. Sediments similar and
quarter o f the Geologic Map o f Utah, and
perhaps equivalent to the Chinle and Glen
have real difficulty in crossing the Sheeprock
Canyon groups were originally m ore wide
Mountains. I know you have had to generalize
spread than indicated b y present exposures and
in making the section, but still I can’t come up
m ay have extended in unbroken sheets across
T^th the surficial distribution that you show.
the site o f the Wasatch-Las Vegas line into
U M R Journal, N o. 1 (A p ril 1968)
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east-central Nevada. The volume o f sediments
o f this age that were available to later erosion
is one o f the unknown quantities o f the geology
o f the region.
That the Mesocordilleran Highland was a
very effective source o f sediment after the
Middle Jurassic is proven by the large volumes
o f clastic sediments derived from it. Coarse
debris commenced to spread into the Colorado
Plateau area in San Rafael time and continued
to do so through Morrison and Early Creta
ceous time. During this interval, the larger de
rived fragm ents and presumably much o f the
finer material appear to have come chiefiy
from high ground in southern Nevada, the
Mojave section of California and west-central
Arizona. During a portion o f Brushy Basin
(late M orrison) time the stream systems ap
pear to have reached into central or western
Nevada where geosynclinal siliceous rocks
were picked up. (Stokes, 1960, p. 121).

The major rise of the belt of uplifts oc
curred in Middle Cretaceous time, as attested
by the volume of elastics shed from the west
and deposited in a subsiding trough to the
east. Figure 10 shows the deposits of Colorado
time (Cenomanian, Turonian, and lower Se
nonian). They are thickest and coarsest op
posite the Sevier uplift. The volume is great,
and if spread over western Utah would repre
sent the erosion of at least 6,000 to 10,000 feet
from the belt of uplifts and about 4,000 feet
from the region of easternmost Nevada and
western Utah. It should be noted that the up
lifts of the Colorado Plateau, including the
Uinta Mountains, had not begun to rise at
this time.
Another wave of coarse elastics was spread
from the belt of uplifts in mid-Late Creta
ceous time, and accumulation continued in the
form of sandstones, siltstones, and shales to
the end of the Cretaceous (Fig. 11). Another
2,000 to 5,000 feet of rock was eroded from
western Utah to make up the sediments de
posited. The uplifts of the Colorado Plateau
were still not in evidence.
During Paleocene and Eocene time, the
Uinta uplift dominated the tectonics, as may
be seen on the map of Figure 12. It rose to
acquire an amplitude in excess of 32,000 feet
(Eardley, 1962). The Uinta basin on the
south subsided about 12,000 feet, and the
anticlinal uplift was denuded at least as much.
The belt of uplifts in west-central Utah
probably rose no more but being high con
tinued to suffer erosion. Another 1,000 feet of
rock was probably stripped from western
Utah during this time. All told, the dominant
belt of uplifts lost during the last half of
Cretaceous time and Paleocene and Eocene
U M R Journal, N o. 1 (A p ril 1968)
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time a layer of rock about 15,000 feet thick
and west of this a layer about 7,000 feet thick.
The chief rise of the belt of uplifts is then
clearly documented as occurring during Late
Cretaceous tune, and it will now be interesting
to observe the isotope dates that have come
from the intrusions.
It should be noted that the figures given
above of the amount of erosion of western
Utah are minimal, because much of the Paleo
zoic rock removed was limestone and dolomite
which did not result in clastic accumulations.
Where Precambrian cores are exposed, and
consequently a greater amount of rock re
moved, the greatest amount of sediments ac
cumulated in the Cretaceous foredeep.
R E L A T IO N O F UPLIFTS T O
I G N E O U S A C T IV IT Y
Intrusive Rocks

The intrusive rocks of the Rocky Mountains,
including those of the shelf and the miogeo
syncline in western Utah, occur in both the
basins, or synclinoria, and the uplifts. There
seems to be a majority of plutons that have

Fig. 12. Isopach map of deposits from uplifts in Paleo
cene and Eocene time. Uplifts outlined by dashed lines.
Contour interval 1,000 feet.
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intruded the uplifts, but in any theory of magmatism provision must be made for the ar
rival of the plutons in the sedimentary se
quences of the basins.
The numerous stocks of the porphyry belt
of the Front Range, Sawatch Range, and the
San Juan Mountains include not only those
that intrude the major uplifts but almost an
equal number that have penetrated the thick
sequence of Pennsylvanian and Permian sedi
ments of the Colorado basin.
The stocks in the Cottonwood uplift of
Utah are the only ones that appear to have
helped in doming the sedimentary rocks of the
uplift. The rest are discordant, seemingly pas
sive emplacements. The Paleozoic stratigraphy
of the Cottonwood uplift is clearly that of the
shelf province; the other stocks westward are
in the miogeosyncline.
The laccolithic clusters in the Colorado
Plateau are in the basin sediments between
the Laramide uplifts. The laccoliths of south
western Utah are in a marginal belt between
the shelf and miogeosyncline but also in a
basin between the Kaibab and Sevier uplifts.
The alignment of the Uinta and Cottonwood
uplifts, the stocks and mineral deposits of the
Cottonwood uplift and Oquirrh Range, the
mineral deposits, and the associated volcanic
fields is conspicuous. Another east-west align
ment may be seen in southwestern Utah from
the Marysvale district through the Mineral,
Star, and Wah Wah Ranges to the Needles
Range, near the Nevada border. This zone ex
tends approximately along lat. 38° 30' N.
The paucity of Late Cretaceous or Tertiary
stocks in other areas is conspicuous. It must
be understood, however, that these and most
other areas are at least half concealed by al
luvium and Teritary volcanic rocks so that
many other stocks may be present.
The majority of the isotope ages in western
Utah so far determined are between 20 and
40 million years (James Whelan, personal com
munication; R. L. Armstrong, 1966). A mean
ingful distribution pattern of this group is not
evident. If these isotope dates are accepted at
face value, the stocks which they represent
cooled during the Oligocene and early Miocene.
Several Cretaceous and Jurassic dates have
been listed for intrusions in the southern part
of the Snake Range and one for the stock in
the Dolly Varden Mountains, all in eastern
most Nevada beyond the western limit of Fig
ure 1 (R. L. Armstrong, 1966).
Three Permian and Triassic dates have
coine to light. One is a potassium/argon
. (K /A r) date from Precambrian schists in the

Northern Utah uplift, and one is a lead/alpha
date from a granite in the Mineral Range. The
K /A r date probably means the resetting of the
isotope clock by a temperature rise at the
time indicated, and the lead/alpha date on the
granite needs confirmation by a K /A r analysis.
Six early Paleozoic dates have also been
listed (Hashad, 1964) that range from 484 to
647 m.y. Four of these are from the Farmington Canyon complex of the eastern side of the
Northern Utah uplift. One is from the Pre
cambrian, Little Willow Series adjacent to
the Cottonwood stock, and one comes from
the Gold Hill stock of western Utah. These
dates may not be significant, but they call to
mind the early Cambrian-latest Precambrian
orogeny in the western margin of the conti
nent (Purcell orogeny, Eardley, 1962).
Regarding the K /A r dates on the stocks, it
may be said immediately that they are mini
mum ages and theoretically should not mean
the time of crystallization of the magmas but
the time in the course of cooling of the solidi
fied rock when it reached some critical temper
ature. If all stocks were emplaced at the same
time, it follows that those most deeply em
placed below the surface would reach the
critical temperature later than those closer to
the surface and would yield younger dates.
K /A r dates on the metamorphic rocks are
variable, but as expected biotites from those
near stock contacts reveal the same ages as the
stocks. Biotite from the Little Willow Series
near the stock contact yielded the same age as
the stock, but hornblende yielded an age of
560 m.y. Biotite from schist in the Raft River
Mountains near the roof of granitic instrusions yielded Tertiary ages. Precambrian
rocks in the Deep Creek Range yielded Terti
ary dates, although the rocks were some dis
tance from exposed Tertiary stocks. Horn
blende is less susceptable to loss of argon than
mica (Hashad, 1964) and yields older figures.
Many of the stocks post-date the uplifts—
a few by as much as 80 million years— for the
most part they are passive, discordant in
trusives. The stocks are also acidic in com
position (Eardley, 1962; Gilluly, 1963).
Extrusive Rocks

The Tertiary extrusive rocks are acidic and
closely resemble the stocks in composition
(Eardley, 1962; Gilluly, 1963). They range in
age from latest Eocene to Pliocene. They cover
extensive areas in central and southwestern
Utah and spread over a thick Cretaceous se
quence in the High Plateaus westward across
the southern extension of the Sevier uplift
U M R Jc
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Fig. 13. Crustal and upper mantle layering of the western United States along the 38th parallel, approximately
after Pakiser and Zietz (1965).

and adjacent synclinoria. They originally con
stituted a layer that averaged about 3,000 feet
thick. They are part of a much larger acidic
volcanic province that spreads over much of
Nevada.
The distribution of eruptives seems as un
related to the uplifts as the intrusives. About
the only observation that can be made is that
a major area of extrusive activity occurred in
southcentral and southwestern Utah. The east
ern part of this large field lies in the High
Plateaus and covers the Late Cretaceous and
early Tertiary elastics shed from the uplifts
to the west, whereas the more westerly parts
of the field covers Paleozoic and Precambrian
rocks variously. Quaternary basalts follow
very approximately the areas of the Sevier
and Kaibab uplifts and increase in volume
from central Utah southward into northern
Arizona.
The large volcanic field of south-central
Idaho and northeastern Nevada is part of the
Snake River downwarp or downfaulted basin,
contains much basalt, and is probably a differ
ent igneous province than that of southwest
ern Utah.
The uplifts and synclinoria were consider
ably eroded before the acidic volcanics were
erupted. Possibly the Basin and Range fault
ing started at the same time as the earliest
volcanic rocks were erupted, but most of the
displacement along the faults has occurred
since the volcanism. The Quarternary basalts
have been displaced somewhat along the Hur
ricane fault.
B A S IN

AND

RANGE

F A U L T IN G

In addition to the features of Basin and
Range faulting recounted in the introduction
of this paper, the following should be men
tioned. The faults are normal and dip 50 to
U M R J o u rn a l, No. 1 (A p ril 1968)

70 degrees, and all significant movements in
western Utah have been vertical. The amount
of extension in an east-west direction amounts
to about 30 miles from the Wasatch Range to
the Sierra Nevada (Thompson, 1959) or about
10 miles across western Utah. Earthquake foci
in western Nevada indicate that the faults
may extend downward to 18 km (Thompson,
1959).
D E E P -C R U S T A L A N D

U PPER M A N T L E L A Y E R IN G

The Transcontinental Geophysical Survey,
recently reported on by Pakiser and Zietz
(1965), is intended as a coordinating geologi
cal and geophysical study across the continent
between the 35th and 39th parallels of lati
tude. A summary of the crustal and upper
mantle layers beneath the Great Plains, Rocky
Mountains, the Colorado Plateau, the Great
Basin, and the Pacific border chains, as given
by Pakiser and Zietz, is shown in Figure 13.
Note the thin mafic lower crust and the shal
low depth to the Mohorovi^id discontinuity
under the western mountain systems. Note
also the layer of low density and low velocity
at the top of the mantle (the 7.6 km/sec
layer). The properties of the crustal and
upper mantle of the western mountainous re
gion that differ from that east of the Rocky
Mountains, are listed by Pakiser and Zietz as
follows:
1. The average crust is relatively thin, low
in mean velocity and density, and weakly m ag
netic. The crust is predom inantly silicic and
is separated into two distinct layers (a silicic
upper layer and a mafic lower layer) by a dis
continuity or narrow transition zone. The lower
layer may be, in general, hotter than the Curie
teriiperature.
2. The velocity and density o f the upper
mantle are also low. The uppermost mantle
m ay consist o f a mixture o f about 4 parts
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peridotite and 1 part basalt, and the basaltic
fraction m ay grade into eclogite at a depth of
about 70 km. Thompson and Talwani have also
suggested that the anomalous upper mantle
in the Sierra Nevada and the Basin and Range
province m ay be made up o f a mixture of
peridotite and basalt, or feldspathic peridotite.
Other possible explanations fo r the low velocity
and density o f the upper mantle include p ar
tial melting, real differences in chemical com
position, partial serpentinization o f peridotite,
and thermal expansion. It is unlikely that any
single explanation is adequate to account fo r
the anomalous upper mantle.
3.
Late Mesozoic and Cenozoic diastrophism,
plutonism, and volcanism have been widespread
during the past 100 million years or so. The
crust and upper mantle can be thought o f as
youthful in the sense that they are still in the
process o f evolution. This statement is not
meant to im ply that the western crust does
not contain very old rocks. The crust is now
receiving mafic and probably also silicic m a
terial from the mantle by the fam iliar geologic
processes o f intrusion and volcanism. Silicic
material is being removed from the upper sur
face o f the western continental crust by weath
ering and erosion and is being transported to
the oceans by streams.
The crustal properties we have been describ
ing are best explained by assuming that the
primitive crust that evolved from the mantle
was silicic and that it has been made slowly
more mafic by addition of mafic material from
the mantle accompanied by rem oval of silicic
material from the earth’s continental surfaces
by erosion and stream transport (Pakiser,
1965). T h e process o f evolving silicic material
from the mantle may still be continuing in tec
tonically active areas where Cenozoic silicic
igneous activity has been widespread, but some
silicic igneous rocks o f Cenozoic age are prob
ably reworked crustal material.
Gilluly has pointed out that the continents
can be maintained against erosive destruction
and their isostatic equilibrium preserved only
b y some process o f subcrustal flow that re
places the material that has been carried away
by streams. W e speculate that molten basalt
m ay flow laterally in a solid m atrix o f mantle
peridotite from beneath parts o f the ocean
basins and into the upper mantle beneath the
active areas o f the continents, thus replacing
the, silicic material removed by erosion and
replenishing the supply o f mafic material that
has been m igrating upward from the mantle
and into the crust. This process o f subcrustal
flow m ay occur in the low-velocity layer o f the
upper mantle at a depth o f about 100 km
■wmere, at a temperature o f about 1,200°C, a
minor basaltic fraction o f the mantle would
melt while the predominant peridotite would
remain solid.
*The continental surfaces in active regions
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such as the western United States slowly rise,
for basalt added to the crust from the mantle
below expands by about 10% i f it w as in the
form o f eclogite before melting, and the con
tinental crust grow s thicker. Additional up
lift m ay come about because o f the transfor
mation of mantle garnet peridotite into plagioclase peridote, which is accompanied by ex
pansion of about 3 % .
Buildup o f the mafic lower crust w as prob
ably accomplished by widespread intrusion o f
dikes, sills, and m afic plutons. Addition o f mafic
material to the silicic upper crust was probably
accomplished by these same intrusive processes,
plus the building o f volcanoes and thick sheets
o f flood basalt.
P R O P O S E D t h e o r y O F C O M M O N O R IG IN O F
S U R F IC IA L S T R U C T U R E S , I G N E O U S R O C K S ,
A N D E P E IR O G E N Y

With the role which the upper mantle played
in crustal tectonism and magmatism, above
depicted by Pakiser and Zietz, a summary of
the origin of primary uplifts, the siliceous
intrusions and extrusions, epeirogenic uplift,
and Basin and Range faulting of Colorado and
Utah will next be attempted.
The theory has already been proposed that
the acidic stocks and volcanic rocks of the
Great Basin have originated from the melting
of the basal part of the granitic complex. The
heat necessary to cause the melting is pre
sumed to come in good measure from molten
basalt that has risen from the mantle. With
the recognition of the vertical uplifts in the
shelf and the western Utah portion of the
miogeosyncline, it is now postulated that the
rising basalt had arrived irregularly and had
blistered up the granitic layer and overlying
sedimentary rocks. More melting is generally
required in the miogeosyncline because of the
greater volume of volcanic rocks and stocks
there than in the shelf. This would presume
the rise of more basalt in the miogeosyncline
under the granitic layer than in the shelf
(Fig. 14).
With this concept of the origin of the up
lifts and surficial igneous rocks as a premise,
the following history is proposed.
It is postulated that basalt first began rising
from the mantle in Early Pennsylvanian time
in large volume in Colorado and easternmost
Utah to cause the primary uplifts of the An
cestral Rockies and in less volume to produce
the positive areas of the miogeosyncline of
western Utah. The basins between the uplifts
sank somewhat as the result of the weight of
their own sediments, and thus the structural
relief was accentuated. The shelf generally
subsided until the close of Cretaceous time.
U M R Journal, N o . 1 (A p r il 1968)
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and the u p lifts w ere erod ed and graduallyb u ried . T h e m iog eosy n clin e o f 'w estern U tah
w as finally d ra in ed o f all seas in E a rly T r ia s 
sic tim e, and all w estern U tah ch an ged to a
regim en o f erosion . T h e reason w h y th e sh e lf
should su bside d u rin g M esozoic tim e and th e
m iog eosy n clin e should becom e gen tly p ositiv e,
at least un til M iddle C retaceou s tim e, is n o t
apparent.
D u rin g M iddle and p a r t o f Late J u ra ssic
tim e, a seaw ay ex isted east o f the u p lifte d
g eosyn clin al re g io n , and a n a rrow basin d e
veloped alon g th e h in gelin e o f the fo r m e r
geosyn clin e and sh e lf w h ere a th ick lim eston e
and shale d ep osit fo rm e d .
In M iddle C retaceou s tim e, a m a jo r s u rg e
o f basalt fr o m th e m antle elevated th e u p lifts
o f th e belt fr o m sou th eastern Idaho to sou th 
w estern U tah, and the N orth ern U tah, Cache,
and S evier u p lifts rose a b ru p tly a b ou t 10,000
feet. A g a in in m id -L a te C retaceous tim e, a n 
oth er d om in g occu rred in the belt o f u p lifts
to th e exten t o f 5,000 to 10,000 fe e t. E a ch
tim e, g re a t fioods o f elastics w ere w ashed to
the east-fian k in g p ied m on t and basin.
T h e oversteepen ed fianks o f the u p lifts shed
v a riou s slid e m asses m ostly alon g b ed d in g
su rfa ces, an d th e P a leozoic sedim ents betw een
u p lifts w ere com pressed . T h e upper layers,
p articu la rly, w ere fo ld e d and th ru st fa u lted .
T h e rise o f the u p lifts in the sh elf b eg an in
m id -L ate C retaceou s tim e. E a ch one som ew h at
had its ow n h istory , w ith the U in ta u p lift
noted f o r th e m a jo r u p lift n ot until at least
m iddle E ocene. T h is h is to ry attests to th e
som ew hat la ter r is e o f basalt fr o m th e m antle
under the s h e lf th an th e m iogeosyn clin e.
T h e hot basalt sta rted m ob ilizin g th e low er
p a rt o f the s ilicic layer, p rob a b ly firs t under
the u p lifts b u t even tu ally u n d er th e basin s
also. A la r g e sto ck fr o m the a cid ic m agm a
w as em placed in th e sou th eastern fiank o f th e
S evier u p lift p ossib ly in E a rly T r ia s s ic tim e,
several g r a n itic stock s w ere in tru d ed and
cooled in a b ou t M id dle C retaceous tim e a lon g
th e N eva da -U tah b o rd e r, and finally in O lig o 
cene and ea rly M iocen e tim e m uch a cid ic
m a gm a m ade its w ay in a num ber o f places
in to the o v e r ly in g rocks o f w estern U tah.
T h e early and m id -E ocen e fr e s h w a ter lakes
n orth and sou th o f the U in ta M ountains in d i
cate that th ese basin s stood at a b ou t 1,000
fe e t above sea level. S im ila rly a la rg e lake in
eastern N eva d a ly in g w e st o f the Snake u p 
lif t should b e reg a rd ed as o ccu p y in g a basin
w h ose su rfa ce w a s not f a r above sea level. So
p rob a b ly in m id -E ocen e tim e, w e should c o n 
sid er the terra n e o f U tah and C olorad o as
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marked by ranges of fairly high relief in the
sites of the uplifts, with two basin areas not
much above sea level. The uplifts of the shelf
region must have been particularly high, but
those of the miogeosyncline were more sub
dued, being older. This concept of relief is
significant in shaping ideas about the mag
matic and tectonic events, because the geo
morphic and paleontologic record of Oligocene
and Miocene time indicates regional uplift in
the order of 5,000 to 8,000 feet (Eardley,
1962). Accordingly, it is postulated that by
early Oligocene time the liquid basalt layer
and the overlying partially melted silicic crust
had become a continuous liquid layer under
the entire miogeosyncline of western Utah
a,nd, in the generation of basalt and the change
to lighter density of the upper mantle (the
7.6 km/sec layer), had expanded vertically,
and the entire region had been elevated so
that the average relief approached several
thousand feet above sea level. The mid-Eocene
lake basins were now several thousand feet
high. Thereupon, the overlying crust with a
mobile subcrust was attenuated and responded
by fracturing and faulting, and the tilted
blocks and the graben and horst structure of
the Great Basin came into existence.
With the inception of normal faulting, the
silicic magma surged upward to the surface
in many places. Its temperature and water
content were just right to result in voluminous
and blanketing ignimbrite flows over south
western Utah and adjacent Nevada. In places,
the ignimbrite eruptions probably issued from
long fissures. It appears that the main phase
of volcanic activity extended from early Oligo
cene to early Miocene time, but the fault
block adjustment continued, and the volcanic
masses were broken and much displaced. The
silicic crust or western Utah subsided some
what incident to the block-faulting volcanism.
It may be conceived that the silicic magmas
were exhausted in places or cooled and solidi
fied, whereupon, and lastly, the underlying
basaltic magma was tapped and rose to the
surface along the faults in Quaternary time.
The early rise of basalt was irregular spa
tially, and first formed the hydrodynamic pri
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mary uplifts of the silicic crust. The surficial
structures were thus framed about the uplifts.
When the basalt built up to a continuous layer
under the miogeosyncline, the attenuation
forces of regional direction became dominant,
and an entirely new framework of deforma
tion, discordant with the local uplifts, was
created.
The nature of the block faulting and the
cause of the attenuation westward point to a
lateral shift of the crust to the Pacific basin
in response to gravity.
It may be pointed out that the evolution of
magmas and uplifts in the miogeosyncline dif
fered from those in the shelf in several ways.
The igneous rocks of the shelf are alkalic and
calc-alkalic and poor in silica, whereas, those
of the miogeosyncline are normal in alkalies
and richer in silica. The high sodium and po
tassium content of many of the intrusive and
extrusive rocks of the shelf is due presumably
first, to a primary basalt rich in alkalies (oli
vine basalt) and second, to the melting and
assimilation of crystalline rocks with high al
kalic content. The high alkalic silicic magmas
had considerable opportunity to differentiate
in quiet hearths in the shelf province and to
produce a variety of unusual rocks, such as
shonkinite and nepheline syenite. The magmas
of the miogeosyncline did not differentiate
much but intruded and erupted in the form
of the primary silicic magma as first formed.
The basalt was evidently of the olivine variety,
judging from the Quaternary basalts there,
but the assimilated crystalline basement was
low in the alkalies.
The volume of silicic magma was less in the
shelf province and apparently was spotty in
its development. The volcanic activity tended
to be localized in centers. There the basaltic
and silicic magma issued alternately to some
extent. How nature managed this is not clear.
In the miogeosyncline on the other hand, the
melting of the crystalline basement became
almost ubiquitous, and the magmas thus pro
duced furnished almost all intrusive and ex
trusive melts. Only in the last dying stage
of the magmatic activity was the deeper basalt
tapped.
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